
UNCLASSIFIED 

=& . . 
I 

, r  - 
HW-@+309 4 I 

1( 

8 

WHR I / 
(CODE) 

f7 
(NASA CR OR TMX OR A0 NUMBER) ICATEOORY) 

QUmTEZILY PROGRESS REPORT 

A STUm OF TUNGSTEN-TECHNGTIUM W Y S  

July 1, 1964 - October 1, 1964 

The Staff of Metallurgy Development Operation 
Hanf ord Laboratories 

General Electric Company 
Richland, Washington 

October 1, 1964 

Previous Reports: 

HW-83550 - Quarterly Progress Report 
April 1, 1964 - July 1, 1964 

Work Performed for :  

Office of Advanced Research and Technology 
NASA Headquarters 

/ Washington, D.C 
/" 

/' 

Agreement No. AT-6(0ctober 15, 1949) amended by Addendum No, l(0ctober 13, 1960) 
Contract AT( 45-1)-1350 

GPO PRICE $ 

OTS PRICE(S) $ 

UNCLASSIFIED 

* ,  

J 



. . *- 

L 

1 
,I , 

1 

HANFORD ATOMIC PRODUCTS OPERATION 
RIC H LAND. WASH I NGTON 

N O T I C E  

This report was prepared for use within General Electric Company in the course 
of work under Atomic Energy Commission Contract AT(45-1) - 1350, and any 
views or opinions expressed in the report are those of the author only. This rsport 
i s  subject to revision upon collection of additional data. 

-- 

L E G A L  N O T I C E  
This report was prepared as an  account of Government sponsored work. Neither the United States, 

nor the Commission, nor any person acting on behalf of the Commission: 

Makes any warranty or representation, expressed or implied, with respect to the accuracy, com- 
pleteness, or usefulness of the information contained in  this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not infringe privately owned rights; or 

A. 

8. Assumes a r j  liabilities with respect to the use of, or for damages resulting from the use of 
any information, apFJrotus, method, or process disclosed in  this report. 

As used in the above, "person acting on behalf of the Commission" includes any employee or 
contractor of the Commission, or employee of such contractor, to the extent that such employee or con- 
tractor of the Commission, or employee of such contractor prepares, disseminates, or provides access to, 
any information pursuant to his employment or contract with the Commission, or his employment with 
such contractor. 
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A STUDY OF TUIVGSTEN-TECHNETIUM ALLOYS 

Introduction 

Technetium i s  a sister element t o  rhenium and has many properties t ha t  

are similar t o  rhenium. 

same effects  on tungsten as rhenium i n  regard t o  increase i n  workability, 

lowered duct i le  t o  b r i t t l e  t ransi t ion temperature, and improved duc t i l i ty .  

It is predicted that technetium w i l l  have about the 

The objectives of the current work a re  t o  recover technetium from 

f i ss ion  product wastes a t  Hanford Atomic Products Operation and reduce t o  

purif ied metal; prepare W-Tc alloys containing up t o  50 a/o Tc; fabr icate  

the  a l l o y  ingots t o  sheet stock, assessing the e f fec t  of technetium on 

workability; and perform metallurgical and mechanical property evaluation 

of the fabricated alloys. 

The i n i t i a l  report  i n  this series described the  separation and 

purification of eight hundred grams of technetium metal powder. 

Current Progress 

During the past  quarter two compacts of 100 per cent Tc powder were 

The prepared fo r  a r c  melting using i sos ta t ic  compression a t  80,000 psi .  

powder and compacts a re  shown i n  Figure 1. 

a water cooled copper hearth with a tungsten electrode i n  an evacuated 

chamber backfil led with argon and gettered by f i rs t  melting zirconium. 

Total loss  i n  the  two nominal 40 gram buttons after f ive  melting cycles was 

0.634 grams o r  approximately 3/4 per cent. 

4800 mrad including 8 mrad gamma, at 13 inches. 

Arc melting was performed on 

Radiation from each button was 

Analytical data obtained on 

the  as-reduced powder and arc-melted materiu a re  given i n  Table I. 

t o t a l  impui ty  content i s  about 150 ppm. 

The 
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TABLE I. 

Analysis of &-Reduced Technetium Fbwder and Arc-Melted Metal 

Oxygen * 1620 1260 413 

Nitrogen 60 20 I 2  

< 1.7 

3 

Hydrogen 44 39 18 c 0.006 

Aluminum +I+ 50 

Boron 1-2 

Calcium 5 

Iron 50 

Sodium 20 

Si l icon 20 

_ -  

Strontium Trace 

Others Not Detected 

* Vacuum f’usion-platinum bath 

we Semi-quantitative spectrographic 
_ _  

One of the arc-melted buttons was prepared fo r  metallographic examination 

The macrostructure of the as-cast arc  melted and micro hardness measurements. 

material shown i n  Figure 2 i s  f ine  grained and not columnar i n  nature l i k e  

tungsten. Small inclusions were observed i n  the  polished condition as shown 

i n  Figure 3. 

They are presumed t o  be Tc02 o r  Al and S i  oxides. 

These a r e  not located a t  grain boundazies and a r e  not ident i f ied.  

The microstructure shown 

i n  Figure 4 is  typ ica l  of the metal i n  r e l a t ive ly  s t r a i n  f r ee  areas and that 

UNCLASSIFIED 
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i n  Figure 5 of metal with some cold deformation resul t ing from squeezing 

the button. 

surface shown i n  Figure 2 indicated hardness variation from DPH 113 t o  189. 

A microhardness traverse across the length dimension of the 

hwer values were generally i n  strain f ree  areas. 

The button was encapsulated i n  a heavy-walled s ta in less  s t e e l  compact 

by electron beam welding and hammer forged from 1000 C preheat t o  a height 

reduction of 425. X-radiography of the compact revealed no edge cracking. 

Additional hot ro l l ing  was performed from 1000 C preheat t o  a height reduction 

of ,335. 

w a s  stopped f o r  desheathing. 

X-radiography indicated edge cracking at  t h i s  point and fabrication 

The technetium surface after removal of the sheath w a s  extremely rough 

with depressions apparently re la ted  t o  the  cast  grain s i z e .  No edge cracking 

due t o  fabrication was evident. 

due t20 the re la t ive  softness of  the s ta inless  steel at the ro l l ing  temperature. 

Part of the surface roughness i s  probably 

The technetium w a s  reduced t o  0.14O-inch thickness fo r  a t o t a l  fabrication 

reduction of approximately 65 per cent. It i s  planned t o  surface condition 

the material and resheath with th in  tungsten plates  on each side pr ior  t o  

fur ther  rol l ing.  

Two additional 100 per cent technetium melts were made by electron beam 

melting i n  a 10 KW EB evaporator unit. Loose powder was used as the  charge. 

The resul t ing melts were 8.2 and 6.7 grams with losses of 0.2 and 0.4 grams. 

Metallographic examination i s  i n  progress on one of these buttons and an  

attempt w i l l  be rnade t o  form the remaining button t o  a wire. 

The processing of the pure technetium metal has been used as a means of 

establishing the working conditions required for  radiation and contamination 

control. Procedures are  now established and a hood has been set up f o r  

some operations with the powder. The compaction and arc  melting of a ser ies  

of W-Tc alloys w i l l  proceed during the next quarter. 
UNCLASS7FIED 
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Literature Review 

Reference articles concerning the alloying behavior, properties, or 

fabrication of technetium are listed below and that material of particular 

interest to the W-Tc study is reviewed. 

1. J. B. Darby, Jr.> D. S. Lam, L. J. Norton, and J. W. Downey, Intermediate 
Phases in Binary Systems of Technetium-99 with Several Transition Elements, 
Journal of the Less-Common Metals, L(1962)558-563. 

2. 2 ,  Bo Darby, Jr., Le J. Norton, and J. W. Norton, A Survey of the Binary 
Systems of Technetium with Group VI11 Transition Elements, Journal of 
the Less-Common Metals, 5(1963)397-402 e 

3. J. B. Darbjr, Jr., L. J. Yorton, J. W. Downey, Technetium Compounds with 
t- Structure, Journal of the Less-Common Metals, 6(1964)165-167. 

Technetium-99, Journal of the Less-Common Metals, 7(1964)127-132. 
4. M. G. Chasanovy I. Johnson, and R, V. Schablaske, The System Zinc- 

5. J. Niemiec, X-Ray Analysis of Technetium-Molybdenum Alloys, Bulletin 
De L'Academie Polonaise Des Sciences, Vol XI, No 6, 1963. 

6 .  J. Niemiec, X-Ray Analysis of Technetium Binary Alloys With Tungsten 
and Rhenium Bulletin De L'Academie Polonaise Des Sciences, Vol XI, e 

7. Brazing 'Technology - W-TcAlloy System, GEMP-35A, May 28, 1964, 32-33. 

8. B j  
and Tungsten, DMIC Report 152, April 28, 1961. (Supplement DMIC Report 183, 
F e b w  7, 19631 

Figures 6 and 7 show the available data concerning the binary phase diagrams 

of tungsten with rhenium and technetium. 

w e  from J. N-femiec 

covering the .whole composition range. 

reported- to be: 

The limited data shown in Figure 7 
(63 

txd m e  based on twelve sintered a l loys  of 30-50 pgm 

The major features of the system were 

1) 

2 )  

W a-primary solution; 55 a/o Tc at 1800 C and 33 a/o Tc at I200 C. 

6 phase; 70 and 75 a/o Tc alloys were single phase 6 when quenched 

from EO0 6. 

TcQ-final solid solution; I2 a/o W at 1800 C and 7 a/o W at 1200 C. 3) 
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No study w a s  made of the l iquid-solid reactions.  The major difference 
(8) 

between the preliminary W-Tc diagram and t h a t  established f o r  W-Re i s  

that only one intermediate phase was ident i f ied  i n  the  W-Tc system where 

two intermediate phases ex i s t  i n  the  W-Re a l loy  system. It is  in te res t ing  

t o  note t h a t  Tc has higher so lubi l i ty  i n  tungsten than does rhenium i n  

the  range 1000-1800 C. 
(7) 

Recent work at  NMPO with W-Tc alloys ranging from 9 t o  19 w/o Tc 

(16 t o  30 a/o) showed t h a t  these sintered alloys clad i n  molybdenum were 

cracked during hot ro l l i ng  a t  1350 C t o  a t o t a l  reduction i n  thickness of 

50 per cent. Arc melted Suttons of the same composition were b r i t t l e  during 

cold forging t o  50 per cent reductfon i n  thickness. 
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FIGURE 2 

A L C - G E  R I C H L A N D .  W A S H  

Macros t ruc ture  of Arc  Melted Technetium Button - 1OX 

FIGURE 3 

Arc-Melted Technetium -As Polishec 
1 OOX. Showing Inclusions.  
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FIGURE 4 

Microstructure  of Arc-Melted Technetium. 
All  1OOX. 10% Oxalic Acid Etch 

3 Seconds at  6 Volts. 
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FIGURE 5 
Microstructure  of Arc-Melted Technetium 

All 1OOX. 10% Oxalic Acid Etch 
3 Seconds at 6 Volts. 
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FIGURE 6 
Tungsten-Rhenium Bina ry  Phase  Diagram. (8) 

(DMIC 152) 
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FIGURE 7 

Tungsten-Technetium Binary  Phase  Diagram. (6) 
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